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THE SYNTHESIS AJID PURIFICATION OF AEOylATIC BYDROCAEBOrJS 

III - ISOBUTYLBEHZENE, seo-BUTYLBENZENB 

AND t ert - BUTYLBENZENE 

By C. M. Bueas, J. Y. EaraBinos 
P. V. Eunz, and L. C. Gibbons 


SUMMARY 

The syntheses of isobutylbonzene, seo -butylbenzene , and tert - 
butylbenzene in 11-gallon Quantities are described. The sec - 
butylbenzone was prepared by reacting sec -butyl alcohol with benzene 
in the presence of aluminun chloride and anhydrous hydrogen chloride. 
The t ert -butylb enzene was prepared in a similar manner without the 
use of hydrogen chloride. The preparation of isobutylbenzene involved 
the reaction of phenylmagneBium bromide with methallyl chloride to 
yield 2 -methyl -3-phenyl-l-propene, which was pai’tly rearranged to 
2-methyl-l-phenyl-l-prCpene. Both olefins were isolated. The physiceO. 
properties are tabulated and freezing curves are plotted for the five 
hydrocarbons. 


INTRODUCTION 

Isobutylbenzene, soc -butylbenzene , and tert-butylbenzene were 
synthesized and purified as part of a program involving the evalua- 
tion of arcmatic hydrocarbons as antiknock: components of aviation 
fuel at the NACA Cleveland laboratory. Each hydrocarbon was prepared 
and purified in ein 11-gallon quantity. The synthesis and purifica- 
tion of n-buty lb enzene (reference l) and 1,2,4-trimethylbenzene 
(reference 2) have previously been reported from this laboratory. 

Several methods for the synthesis of j.sobutylbenzene have 
appeared in the literature but much of the work is questionable 
because tert- butylbenzene is formed when benzene is alkylated with 
isobutyl alcohol or isobutyl chloride. Isobutylbenzene has been 
prepared by the ■Wui-tz-Fittig method using either isobutyl bromide 
(reference 3) or isobutyl iodide (reference 4) with bromob enzene . 
Similarly, benzyl chloride was condensed with isopropyl iodide in 
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roferonce 5. Iso'butyl'bonzerLe has also hoen prepared hy the hydro- 
genation of the olofins obtained frcaa the doh^’dration of the reaction 
product of benzylnagnesiuin chloride and acetone (roforonco 6) . 

Because this method involvos three stops, it was decided to investi- 
gate the two-step reaction between phenylTiiagnesium bromide and 
methallyl chloride and the subseq.uent liydrogenation of the reaction 
product . 

The alkylation of aromatic hydrocarbons in the presence of 
various dehydrating agents has been described in many articles, 
sec -Butylbenzene has been synthesized from benzene and halides, 
alcohols, ethers, or esters containing active n-butyl or sec- butyl 
groups. When sec -butyl alcohol was reacted with benzene in the 
presence of anhydrous aluminum chloride and hydrogen chloride, sec - 
butylbenzene was prepared in 81-percent yield (reference 7). This 
method with slight adaptions was found to be suitable for large-scale 
synthesis. 

Similarly, tert-butylbenzene has been prepared by many alkyla- 
tions. The method of reference 8 in which tert- butyl alcohol is 
condensed with benzene in the presence of anhydrous aluminum chloride 
in the molar ratio of approximately 1:5:0. 5, respectively, was fcund 
to be very satisfactory. 


DISCUSSION OF SYIITHESES 

The procedure described herein for the preparation of isobutyl- 
benzene involves the preparation of methallylbenzene (2-methyl- 
3-phenyl-l-propene) from phenylmagnesium bromide and methallyl 
chloride. It was noted, however, that either on distillation of the 
reaction product at atmospheric pressure or on treatment with small 
amounts of sodium in liq.uid ammonia to remove the last traces of 
halogen, varying q.uantities of p, p-dimethyletyrene (2-:iethyl- 
1-phenyl-l-pr opens) were obtained. Both olefine were purified by 
fractional distillation under vacuum and their constants are recorded 
in table I. The structures of those olefins prepared by the 
rearrangement of neophyl chloride (l-chloro-E-methyl-2-phenylpropane) 
has been previously established in reference S. Ozonolysis of 
methallylbenzene gave phenylacetone and formaldehyde, and the same 
procedure applied to p,P-dimethylstyrene resulted in the formation 
of benzaldehyde and acetone. Tliese obsorvations have been confirmed 
by the isolation of phenylacetone from motliallylbenzene and of 
benzoic acid and acetone from p,p -dimethyls tyr one by permanganate 
oxidation. 
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The last traces of halogen wore removei from the olefins hv 
azeotropic distillation with cyclohezanol or by treatment with 
sodium in liauid ammonia. After the removal of iialogen, the olefins 
were readily hydrogenated in the presence of XJ.O.P. nicicel catalyst. 

The reactions are illustrated as follows: 


(br caaobenzene ) 


Mis 


ether 


9. CgHgifeBr 

(phenyi) magnesium bromide) 
CH2=C-CH2C1 

1 

|(m©t}iallyl chloride) 


Eg + M 


GH'j 


120° C 


( isobutylbenzene) 


CE 3 

f (methallylbenzene) 


heat or 
sodium in 
liq.uid 
ammonia 


K^tn0, 




0 

II 

( phenylacetone ) 


CeHgCH-C-CEj 
6 H 3 


KlfoO^ 


OgHgCOCE 
(benzoic acid) 


+ 

0 


(P, p-dlmethylstyrene) 


GHj—C—OHj 




When benzene Is alkylated with n-butyl alcohol or so^c^-butyl 
alcohol, sec -butylbenzene is produced. Because sec -butyl alcohol 
gave good yields, the reaction with n-butyl alcohol was not investi- 
gated. The yield of the monosubstituted product is q.uite sensitive 
to the molar ratio between alcohol and aluminiua chlorido and the 
ratio shown in the experimental details gives nearly the maximum 
yield of sec -butylbenzene . A small amount of dl- sec -butylbenzene 
was also obtained; the boxling point of this material was 255° C 

20 

760 mm and the refractive index n^j was 1.437. 


The use of ferric chloride as well as aluminiun chloride in the 
pi-eparation of tert -butylbenzene was investigated with good results; 
because the amount of ferric chloride req.uired for a cctiipai’able yield 
is nearly twice the amount of aluminum chloride needed, aliuuinum 
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oli3.oride was used exclusively in the large-scale preparation. A 
small amount of p-dl- tert -hutylhenzene -was also obtained under the 
conditions used; the melting point of this substance was 77.5°-78.0° C 

Because the density and refractive index of isobutj'-lbonzene and 
sec -butylbenzene increased on standing due to oxidation, the physical 
constants were taken immediately after distillation. The physical 
constants of all hydrocarbons are shoim in table I. 


SXPERIMElffiAL DETAILS 

Isobutylbenzene . - The apparatus used for this synthesis was 
the same as that described in reference 1. In a 100-gallon reactor 
9.74 kilograms (400 moles) of magnesium turnings was covered with 
10 gallons of dry ethyl ethor. A 2 -nolo preparation of phonylmagne- 
sium bromide and a 2-kilogram Quantity of bromobenzone was added to 
the mixture to start the reaction. After the initial reaction sub- 
sided, reflux was maintained by the addition of 60,5 kilograns 
(a total of 400 moles) of bromobenzene dissolved in 10 gallons of 
ether. A 36,5-kilogram q,uantity of methallyl chloride dissolved in 
10 gallons of ether iras added in a period of 8 hours; the td.xturo 
became q^uite pasty. It was then hydrolyzed by the slow addition of 
35 gallons of 10-percont hydrochloric acid. The acid layer was draw 
off and the ether-hydrocarbon layer was washed successively with 
water, 5-percent sodium bicarbonate solution, and finally wator. 

After the other was distilled from the reaction mixture, about 15 gal- 
lons of crude product remained, 6 gallons of which was distilled with 
1 gallon of ethanol and 1 gallon of cyclohoxanol in a fractionating 
column of approximately 40 theoretical plates. The last traces of 
halogen came off in the cyclohoxanol fractions; a mixture of methallyl 
benzene and p,p-dimethylstyrene was obtained. A sample of mothallyl- 

bonzono (^n^^ 1,5083^ was purified by fractional distillation in a 

glass-helix packed column at reduced pressure. The physical constants 
are recorded in table I and a freezing curve is shown in figure 1. 

Although part of the halogen was removed by heating with sodium 
hydroxide in ethanol, it was necessary to remove the last traces 
with sodium in liq.uid ammonia or by azeotropic distillation. A 
1-gallon sample of the hydrocarbon mixture was placed in a 12-liter, 
three-necked flask, fitted with a Dry- Ice-acetone condenser and 
stiirer, and 4 liters of anhydrous amriionia was added followed by 
thinly sliced sodium metal until a Beilstoin test for halogen was 
negative on a small hydrolyzed sample. Then 2 liters of wator was 
slowly added until all the sodium had reacted and the aq.ueous amroonia 
layer was discarded. The hydrocarbon layer was washed irith dilute 
hydrochloric acid, sodium bicarbonate solution, and water and .dried 
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by passing it through, a column of activated alumina at room, tempera- 

20 

ture. The refractive index of the 1-gallon sample was raised 

from. 1.510 to 1.535 by this treatment ^ which indicates partial 
isomerization to ^ , (3-d1 methylstyrene . 

A 2~liter sample of the hydrocarbon mixture treated -jfith sodium 
and liq.uid ammonia was then distilled at reduced pressure and about 
80 percent of this material distilled at 69.0° 0 at 12 mm and had a 
refractive index n^*^ varying from 1.5400 to 1.5406. A freezing 
curve (fig. 2) indicated hi^ purity of the sample having a refrac- 
tive index of 1.5406. The total yield of the olefins varied 

from 45 to 53 percent. 

Oxidation of 13.2 grams of the olefin with a refractive index 

20 

ng of 1.5406 with 31.6 grams of potassium permanganate in 150 cc 
of water resulted in a 74-percent yield of benzoic acid with a 
melting point of 122° C, The mixed melting point with an authentic 
sample of benzoic acid was unchanged. Acetone was recovered as the 
2,4-dinitrophenylhydrazone in a 16-percent yield with a melting point 
of 123°-124^ C aftex- one recrystallizatlon from alcohol. These data 
agree well with those in refei’enoe 10 and indicate that the olefin 
is 3, P-dimethylstyrene. 

Oxidation of a 2-gram sample of the olefin with a refractive 
index n^ of 1.5083 with 4 grams of potassium permanganate in a 
50-percent aq.ueous acetone solution yielded an oil (l.O gram; refract 
tive index, n^ 1.515). After recrystallization from aq.ueous alcohol 

it gave a semicarbazone with a melting point of 136°-187° C. The 
melting point of the semicarbazone of phenylacetone is reported as 
186°-187° C in reference 7 indicating that the olefin is methallyl- 
benzene . 

The hydrogenations were conducted in the mannei’ described in 
reference 1. In a typical run, 12.9 kilograms of a mixture of the 
olefins containing 5 percent by weight of XJ.O.P. nickel hydrogenation 
catalyst were hydrogenated at 120°-140° C until no more hydrogen was 
consumed. The benzene ring was hydrogenated at 170° C. The hydro- 
genated laaterial was then subjected to careful fractionation in a 
column of approximately 100 theoretical plates; pure isobutylbenzene 
was obtained. The yield from the hydrogenation was nearly q.uanti- 
tative. The physical constants are listed in table I and the 
freezing curve is shov/n in figure 3. 
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sec -Butyl'benzene » - A 55-lcllosram quantity of lenzene was 
placed~in a 30-galio’n glass-lined reactor eq.uipped with separatory 
funnel, gas inlet tuoe, agitator, thermocouple, water-cooled jacfcet, 
condenser, and aspirator. The anhydrous aluminum chloride (6,17 leg) 
was added to the benzene, and hydrogen chloride gas was ‘bubbled 
through the suspension for 30 minutes with stirring. A 5, 7-kilogram 
quantity of benzene was mixed with 5.06 kilograms of sec -butyl alcohol 
and this solution was slowly added through the separatoz’y funnel. As 
soon as the reaction became vigorous, the reacting mixture was cooled 
to 13° C by running cold water throu^ the Jacket. The alcohol solu- 
tion was completely added in 3 hours after which the mixture was 
stirred for 10 hours and then allowed to stand over night. Dilute 
hydrochloric acid was added until the aluminum hydroxide from the 
benzene complex was completely dissolved. The hydrocarbon layer was 
then washed once with 5-percent sodium bicarbonate solution and twice 
with water. The layer was dried by passing it tlzrough an activated 
yilnTirt-nfl. tower and the sec -butylbenzene was fractionated in a 
70 theoretical-plate column. An S0.2-percent theoretical yield 
(based on sec -butyl alcohol) was obtained. The best sample was 
obtained by refractionation. The freezing curve on sec -butylbenzene 
could not be brought to thermodynamic eq.ui3.ibriin!i despite repeated 
attempts. A melting curve as well as the freezing curve is therefore 
shown in figure 4. 

tert -Butylbenzene . - The t er t- butylb enzene was prepared in a 
reactor similar to that used for sec-butylbenzene. The aluminum 
chloride (8,46 kg) was covered with 31,8 kilograms of dry benzene. 

A mixture of 7.9 kilograms of benzene and 9.47 kilograms of tert -butyl 
alcohol was slowly added while the suspension was stirred. After the 
initial reaction began, as evidenced by the evolution of hydrogen 
chloride, the mixture was cooled to 17° C during the addition of the 
remainder of the benzene-alcohol solution. The addition req.uired 
4 hours. The mixture was hydrolyzed with 25 liters of water, and 
hydrochloric acid was added until all the aluminum hydroxide dis- 
solved. The hydrocarbon layer was washed once with water, once with 
5-percent sodium bicarbonate solution, and twice more with water. 

The hydrocarbon layer was then dried by passing it tiirough an acti- 
vated fli uTTilna tower, and after the benzene had been distilled the 
tert -butylbenzene was fractionated. The yield of tort -butylbenzene 
was 69 percent of the theoretical yield. The physical constants are 
shown in table I and the freezing curve is shown in figure 5. The 
properties of n-butylbenzene (reference l) are included for purposes 
of comparison. 

Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 

Cleveland, Ohio, January 2, 1946. 
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TABLE I - PHYSICAL CONSTANTS 


Hydrocarbon 

Soijrce of 
constants 

Freezing 

point 

(°o) 

Boiling 
point at 
760 mm. 

(°c) 

Index of 
refraction 

Density 
at 20° C 
(gram/ml) 

2 -Methyl - 3-phenyl - 
1-propeno 

Cleveland 

laboratory 

-33^96 

175.8 

1.5083 

0.8821 

2-Methyl - 1-phenyl - 
1- propone 

do 

-50.60 

187.7 

1.5406 

.9050 

n-Butylh enzene 

Eef erence 1 

-87.97 

183.3 

1.4899 

.8601 

Isohutylh enzane 

Cleveland 

laboratory 

-51.61 

172.7 

1.4862 

.8525 

seo-Butylh enz ene 

do 

-75.68 

173.4 

1.4901 

.8618 

tert-Butylhenzene 

do 

-57.87 

169.2 

1.4925 

.8662 


National Advisory Committee 
for Aeronautics 
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